OBJECTIVE: Caesarean section (CS) rates have risen over the past two decades. The aim of this observational study was to identify time-dependent variations in CS and vaginal delivery rates over a period of 11 years. METHOD: All deliveries (13,701 deliveries during the period 1999-2009) at the University Women's Hospital Bern were analysed using an internationally standardised and approved ten-group classification system. Caesarean sections on maternal request (CSMR) were evaluated separately. RESULTS: We detected an overall CS rate of 36.6% and an increase in the CS rate over time (p <0.001). Low-risk profile groups were the two largest populations and displayed low CS rates, with significantly decreasing relative size over time. The relative size of groups with induced labour increased significantly, but this did not have an impact on the overall CS rate. Pregnancies complicated by breech position, multiple pregnancies and abnormal lies did not have an impact on overall CS rate. The biggest contributor to a high CS rate was preterm delivery and the existence of a uterine scar from a previous CS. CSMR was 1.45% and did not have an impact on the overall CS rate. CONCLUSION: The observational study identified wide variations in caesarean section and vaginal delivery rates across the groups over time, and a shift towards high-risk populations was noted. The biggest contributors to high CS rates were identified; namely, previous uterine scar and preterm delivery. Interventions aiming to reduce CS rates are planned.
Introduction
Caesarean section (CS) is a common surgical procedure in many parts of the world and the CS rate is continuously rising, reaching up to 40% [1] . This trend is likely to continue. Various reasons have been postulated, such as delayed childbearing, increasing safety of the procedure, maternal request, low use of vaginal birth after caesarean section (VBAC), and an increase in preterm deliveries [2, 3] . Concerns about high CS rates are justified, because such a surgical procedure is not without risk. Serious complications such as infection, thrombosis, postpartum haemorrhage and increased risk in subsequent pregnancies may occur [4] . The World Health Organization states that there is no justification for a CS rate higher than 10%-15%, but obstetric factors such as the profile of the background population depending on the proportion of nulliparous women, preterm deliveries, or women with a previous CS influence strongly the CS rate [5] . Reducing CS rates requires the implementation of effective measures and these depend on identifying which groups of women undergo CSs. The identification of trends requires a classification system able to monitor and compare the mode of birth in a standardised, reliable and consistent manner [6] . In 2001, Robson proposed such a classification system based on ten groups that are mutually exclusive and totally inclusive, which implies that a patient can be classified into one single group only [7] . The aim of this observational study was to implement this ten-group classification system (TGCS) in order to identify and evaluate the main contributors to the increasing CS rate
Figure 1
Change over the observation period of time in the caesarean section (CS) rate within different Robson groups. Blue lines are 95% confidence limits and red lines are simultaneous 95% confidence limits. Significant increases of the CS rate in Groups 6, 7 and 10 were detected. *p ≤0.05; **p ≤0.01; ***p ≤0.001 in our own institution. The issue of the impact of CSs on maternal request (CSMR) in these groups was addressed independently.
Materials and methods
University Women's Hospital in Bern is a tertiary referral university institution and the birth register was used for data collection. This detailed register is used in the labour ward to document every birth in our institution and includes detailed information on the patient's diagnoses and interventions performed (with all indications) of each delivery. The study was approved by the local institutional review board (Ethics Committee of the Canton of Bern, Switzerland). All births between January 1999 and December 2009 were included in the study. Each delivery was classified into one of the ten groups in accordance with the TGCS (table 1) [7]. This classification made it possible to distinguish the deliveries in terms of parity, single or multiple pregnancy, presenting part of the foetus, gestational age, course of labour and the existence of a previous CS. In order to evaluate the impact of maternal request on the CS rate, these deliveries were evaluated separately. All deliveries were classified in accordance with the TGCS and for each of the ten groups the CS rate, the relative size and the contribution to the total CS rate was calculated. In order to assess the main contributors of the CS rate and to evaluate the changes in the population over time, we divided each group into vaginal birth (VB) or CS. Temporal changes of the CS rate and relative size of each group, the contribution of each group to the overall CS rate, the CSMR and the mother's age were surveyed. CSMR was noted if the diagnosis was made by the obstetrician and no identifiable medical or obstetric indication, includ-
Figure 2
The overall caesarean section (CS) rate was 36.6% and increased significantly to 42.8% in 2009 (p <0.001).
ing somatic, psychological or psychiatric indications, was present. Several exclusion criteria such as previous traumatic delivery, previous sexual abuse, foetal pathologies, or placenta praevia were used. For the statistical analysis, permutation tests for linear trends and F-Permutation Tests for quadratic trends were used.
Results
There were a total of 13,701 deliveries at the University Women's Hospital in Bern from January 1999 to December 2009. During this period, the mean overall CS rate was 36.6%. The CS rate and the relative sizes of Groups 1 to 10 and absolute and relative contribution to the overall CS rate of each group are summarised in table 2. Group 1 (nulliparous women with single cephalic pregnancy, ≥37 weeks gestation, in spontaneous labour) and Group 3 (multiparous [excluding previous CS] women with single cephalic pregnancy, ≥37 weeks gestation, in spontaneous labour) were the two largest groups in the obstetric population (23.6% and 22.4% of the total, respectively). Group 1 showed the second lowest CS rate and Group 3 the lowest CS rate (17.8% and 4.2%). Group 1 was the fourth biggest contributor to the overall CS rate (11.6%) and Group 3 was the smallest contributor (2.6%). Group 2 (nulliparous women with single cephalic pregnancy, ≥37 weeks gestation, induced labour or CS before labour) and Group 4 (multiparous women with single cephalic pregnancy, ≥37 weeks gestation, induced labour or CS before labour) accounted for 11.2% and 7.4% of all deliveries, respectively. Group 2 showed a CS rate of 42% and Group 4 a CS rate of 24.6%. Group 2 was the third biggest contributor and Group 4 the third smallest contributor to the overall CS rate (12.9% and 5%). Group 5 (woman with a previous CS and single cephalic pregnancy ≥37 weeks) represented 8.8% of all deliveries. This group, which showed a CS rate of 69.9%, was the second biggest contributor to the overall CS rate (17%). Groups 6 to 9 (women with breeches, multiple pregnancies or abnormal lies) were the smallest groups in the obstetric population (3.9%, 2.5%, 4.6% and 0.9% respectively). They all showed a high CS rate (94.9%, 93.7%, 84.5% and 99.2%, respectively), but were small contributors to the overall CS rate (10.1%, 6.6%, 10.6% and 2.6%, respectively). Group 9 (all presentations other than cephalic or
Figure 4
Temporal -In Group 1 a significant decrease in VBs and CSs was detected. Group 3 showed no significant change of VBs and a significant decrease of CSs. -In Groups 2 and 4 a significant increase of VBs but no significant change in CSs was detected. -Group 5 showed no significant changes of VBs but a significant increase of CSs. -Groups 6 and 7 showed a significant decrease of VBs but no significant change of CSs. -Group 8 showed a significant increase in VBs and CSs.
Groups 9 and 10 showed no significant change of VBs or CSs. CSMR was evaluated independently. Figure 5 summarises the results. The mean CSMR was 1.45% of all CSs and a significant increase from 1999 to 2009 was detected (p = 0.008). Group 2 displayed the highest CSMR (7.6%), followed by Group 4 (4.8%). Groups 1, 3 and 10 showed CSMR beneath 1%. The mean maternal age was 30.1 years. It increased significantly from 29.3 to 30.9 years in 2009 (p <0.001; fig. 6 ). Analysis of maternal age as an independent risk factor in women with CSMR compared with women who had CS without maternal request was not significant (p = 0.184; fig. 7 ). 
Discussion
This observational study is an assessment of obstetric practice over a period of 11 years. Stratification of all deliveries using the TGCS provides a solid scientific basis not only for an observational study but also for comparison between time periods and different labour wards [8-10]. Our study differs from previously published data due to its evaluation not only of CSs but also VBs over an extended period of time. This approach enabled us to identify specific changes in our obstetric population and practice, which is essential for interventional strategies. Groups 1 and 3 represent the two largest populations in our cohort with low CS rates; they reflect the lowest risk population. Interestingly, the relative size of these groups changed significantly over time, leading to the observation of a shift towards a higher risk population. This is supported by the fact that the relative size of higher risk groups such as those including induced labour (Groups 2 and 4), A: Temporal change of the caesarean section on maternal request (CSMR) rate in the observation period of time. The mean CSMR was 1.45% and a significant increase was detected (p = 0.008). B: Caesarean section on maternal request in different Robson groups in the observation period of time. Groups 2 and 4 (woman with single cephalic pregnancy ≥37 weeks gestation with induced labour or CS before labour) displayed the highest CSMR rates (7.6% and 4.8%, respectively).
Figure 6
The maternal age increased significantly from 29.3 to 30.9 years in 2009 (p <0.0001).
previous CS (Group 5) or multiple pregnancy (Group 8) increased significantly over time. We report also a low CS rate in Groups 1 and 3 compared with an analysis of international CS delivery rates, which reflects solid obstetric management [8] . Although the TGCS does not allow for the identification of indications for CSs, differences in obstetric management, as a major factor contributing to high CS rates in these groups, were proposed [8] . A recent metaanalysis confirmed the benefit of interventions with timely amniotomy and with the early administration of oxytocin in the reduction of CS rate [11] . Induction of labour is an independent risk factor for CS and the implementation of rationalised management may reduce the CS rate [12] . Groups 2 and 4 represent this patient cohort and the CS rate in both groups is in line with previous reports [8] . Interestingly, the significant increases in the relative size of Groups 2 and 4 (in VB) did not have an impact on the CS rate. Although data from the TGCS does not deliver a definitive answer, we hypothesise that the use of active management of the first stage of labour and strict diagnosis of onset of labour may contribute to these results [11] . Medically indicated induction of labour represents a great benefit for mother and/or foetus in contrast to induction with marginal or even absent medical indications [13] . In our cohort, induction of labour was associated with a doubling of the CS rate in Group 2 compared with Group 1 and an even higher risk of CS when comparing Group 3 with Group 4. In multiparous women, the induction of labour increased the CS rate from 4.2% in Group 3 to 24.6% in Group 4. Patients need to be counselled carefully, especially when there are features suggesting an increased risk of postpartum haemorrhage and blood transfusions after induction of labour, and, if possible, induction of labour should be avoided [14] . Induction of labour leads to a higher rate of women with previous uterine scar in subsequent pregnancy. Group 5 (previous CS) was the second biggest contributor to the overall CS rate, with a significantly increased relative size
Figure 7
Comparison of maternal age in mothers with caesarean section on maternal request (CSMR) and all mothers with caesarean section (CS) was not significant (p = 0.1844).
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Swiss Med Wkly. 2014;144:w13921 of this group. The CS rate was 69.9% and in line with similar institutions [8] . VBAC is a topic of rigorous discussion; in a recent study, VBAC was successful in 57.1% of patients attempting vaginal delivery but only 28.8% attempted this [15] . Repeat CSs had a big impact on the CS rate and although about two-thirds of patients are eligible for a trial of labour, the actual rate is low [4, 16] . Slightly increased absolute risks of maternal and neonatal morbidity, professional liability concerns and recent evolution of physician and patients' attitudes are the main reasons for the low rate of trial of labour [15, 17] . The proportion of pregnancies complicated by breech position, multiple pregnancies, and abnormal lies are represented by Groups 6 to 9. The CS rates in these groups were relatively high, but they account only for few births, so the contribution to the overall CS rate was low. Breech presentation was associated with a significantly decreased number of VBs, explained by a change in patients' and doctors' attitudes after the Term Breech Trial [18] . Multiple pregnancies (Group 8) increased over time. A significant increase in both VBs and CSs reflects a dilemma regarding patient counselling, owing to a lack of good evidence on the method of birth [19] . Women need to be informed of possible benefits and risks of either of the two approaches. Further clinical trials are needed. However, interventions aiming to reduce the CS rate in these groups will not result in a significant reduction of the overall CS rate because of the relatively small contributions of these groups to total CSs. The biggest contributor to the overall CS rate was Group 10 (relative contribution to overall CS rate: 21.1%) consisting of the majority of preterm deliveries with a CS rate of 51.9%. High CS rates in tertiary referral centres are expected, owing to the management of high-risk pregnancies.
Although the TGCS as a method enabled us to assess the biggest contributor to the CS rate, a detailed evaluation of this group in terms of the CS rate in deliveries at less than 28 weeks of gestation or less than 34 weeks of gestation was not possible. Still, we are able to explain the reasons at least partially [20] . Group 10 is very heterogeneous and it is probably the most consistent in terms of decision-making in favour of CS as a result of limited obstetric options, so a shift towards higher risk pregnancies is probable. This is supported by the fact that extreme prematurity was reported to have a CS rate over 60% [15] . Although other centres reported slightly lower CS rates, the contribution of this group to overall population was lower and did not exceed 10% [8] . A detailed assessment of this group is necessary in particular because there is evidence of more medical interventions aiming to reduce high CS rates [20] . CSMR has been a topic of great interest and is considered to be a contributor to the rising CS rate [9] . The risk associated with the procedure itself needs to be considered, especially in the absence of a medical indication. CS without medical indication is associated with a higher risk for maternal and neonatal morbidity, but this is also not an accurately reported condition, which makes it difficult to study in terms of risks and benefits [21] . In our cohort, CSMR increased significantly, which is in line with previous publications, but, with a contribution of 1.45%, it did not have an impact on the overall CS rate [22] . Interestingly, Groups 2 and 4 were the biggest contributors and maternal age was not associated with CSMR. In the current study, the identification of reasons for CSMR is not possible, but severe fear of childbirth or post-traumatic stress disorder after previous birth may contribute to the decision [23] . Counselling women who desire CSMR is difficult and should include a full consideration of the safety of the mother and of the neonate, weighing the risks of adverse outcomes [24] . This study has several limitations. It did not include additional variables associated with high CS rates such as body mass index or race [25] . Moreover, data on the indication for CS should be analysed, but it has to be collected prospectively with strictly defined definitions for critical events such as dystocia and foetal distress. The strengths of our study include evaluation of a large patient cohort over a period of 11 years, which enabled us to identify Groups 5 and 10 as the main contributors to the CS rate and to observe an overall shift towards a higher risk population. The comparison with international institutions suggests solid obstetric management, with a relatively low proportion of CSMR. The TGCS is a robust tool enabling a detailed analysis of a patient cohort over a period of time and a standardised international comparison. A prospective analysis and the launch of interventions in consequence are planned. These interventions include prospective analysis of all deliveries using the TGCS, standardised analysis of foetal and maternal indications for CSs and instrumental deliveries, and detailed evaluation of Group 10 with respect to the degree of prematurity. Furthermore we will initiate a multidisciplinary and multifaceted approach aiming to reduce the CS rate by organising monthly CS conferences with analysis of CS's indications in each group, positive feedback, consistent team approach, comparing and modifying current practice, and finally conducting education to medical staff and patients. This will result in a medical audit further completing this "feedback loop".
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Figure 1
Change over the observation period of time in the caesarean section (CS) rate within different Robson groups. Blue lines are 95% confidence limits and red lines are simultaneous 95% confidence limits. Significant increases of the CS rate in Groups 6, 7 and 10 were detected. *p ≤0.05; **p ≤0.01; ***p ≤0.001
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Figure 3
Temporal change within each Robson group in births delivered by caesarean section.
Relative size is presented in the observation period of time. Blue lines are 95% confidence limits and red lines are simultaneous 95% confidence limits. The relative size of Groups 1 and 3 decreased significantly and the relative size of Groups 5 and 8 was significantly increased. *p ≤0.05; **p ≤0.01; ***p ≤0.001
Figure 4
Temporal change within each Robson group in births delivered vaginally. Relative size is presented in the observed period of time. Blue lines are 95% confidence limits and red lines are simultaneous 95% confidence limits. The relative sizes of Groups 1, 6 and 7 decreased significantly and the relative sizes of Groups 2, 4 and 8 increased significantly. *p ≤0.05, **p ≤0.01, ***p ≤0.001.
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Figure 5
A: Temporal change of the caesarean section on maternal request (CSMR) rate in the observation period of time. The mean CSMR was 1.45% and a significant increase was detected (p = 0.008). B: Caesarean section on maternal request in different Robson groups in the observation period of time. Groups 2 and 4 (woman with single cephalic pregnancy ≥37 weeks gestation with induced labour or CS before labour) displayed the highest CSMR rates (7.6% and 4.8%, respectively).
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